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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


FULL-SCALE WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF WING 
MODIFICATIONS AND HORIZONTAL-TATL LOCATION ON THE 
LOW-SPEED STATIC LONGITUDINAL CHARACTERISTICS 
ОЕ A 35° SWEPT-WING AIRPLANE 


By Ralph 1. Maki 
SUMMARY 


y^ Tests have been made in the Ames 10- by 80-foot wind tunnel to 
evaluate the effects of wing modifications on the static longitudinal 
characteristics of a 359 swept-wing airplane. The wing modifications 

^ were designed to replace existing wing siats as low-speed high-Lift 
devices. The principal modification incorporated camber over the forward 
portion of the chord and an increased leading-edge radius. The airplane 
was tested with the horizontal tail on and off and in a lowered ROS TEL още 
All configurations were tested at a Reynolds number of 8.1 x 108, and 
some were tested over a range of Reynolds numbers from 3.2 х 106 to 
12.3 x 108. 


The full-span modified wing leading edge provided an increment of 
wing maximum 117% somewhat greater than given by the slats. In contrast 
to the flat-topped lift curves with the slats open, the lift curves of 
the airplane with the modified wing leading edge were characterized by 

‚ ап abrupt loss of lift beyond maximum lift; further, the airplane with 
the modified wing leading edge was longitudinally unstable beyond maximum 
lift, whereas the slats-open configurations were stable. The signifi- 
cance of these changes in characteristics in terms of the flying quali- 
ties of the airplane at maximum lift was difficult to judge in view of 
past inconsistencies between pilot opinions and conclusions drawn from 
static wind-tunnel-test results. ` 


Additional wing modifications were tested in an effort to alter the 
- characteristics of the airplane with the modified wing so ав to compare 


more closely with the characteristics of the slats-open configuration. 
One modification was successful both in rounding the lift-curve peak and 
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in providing longitudinal stability beyond maximum lift, but at the 
expense of a loss in wing maximm lift. This configuration consisted of 
an outboard 16-регсепъ-врап modified leading edge, and а spoiler at the 
leading edge of the unmodified inboard sections, with a sharp discon- 
Наши DE UNSER the two portions of the wing leading edge. 


The lower horizontal-tail position improved the longitudinal 
stability of all configurations near maximum lift. With the tail in 
the lower position, the airplane with the modified wing leading edge 
had pitching-moment characteristics which were considered acceptable. 


INTRODUCTION 


Flow separation and its attendant effects on aerodynamic charac- 
teristics appear at progressively lower wing lifts as the sweep of 
wings is increased. Various wing high-lift devices are being used to 
delay the separation and thus extend the maximum usable lift range of 
swept wings. Such devices as wing leading-edge slats and leading-edge 
flaps, in addition to trailing~edge flaps, have proved successful. 
However, such devices entail complex mechanical installations and add 
considerable weight to the airplane. Recent studies, such as those of 
references 1 to 3, have shown that modified wing sections, utilizing 
moderate amounts of camber over the forward portion of the chord and 
increased leading-edge radii, also can be designed to delay the occur- 
rence of flow separation to higher lifts. Such high-lift wing sections 
would eliminate the structural disadvantages of leading-edge devices 
such as slats. 


The primary purpose of the study керке berein was to evaluate 
the effects on the low-speed static longitudinal characteristics of an 
F~86A airplane when the existing slats were replacéd with а wing-section 
modification similar to those considered in references 1 to 3. To aid 
in the design of the modification, the two-dimensional characteristics 
of the wing sections with slat closed and open were compared with the 


characteristics of the section with the Selected leading-edge ПА ОВО 


Other studies, such ав that of reference 4, have shown that a 
lowered horizontal-tail position has a favorable effect on the longitu- 
dinal stability of swept-wing configurations at high lifts. Accordingly, 
tests were made on the subject airplane with both the normal and the 
modified wing leading edges with the horizontal tail at a lowered 
position. 
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NOTATION 


A aspect ratio 
b wing span 
с local chord, measured perpendicular to the wing quarter-chord line 


et local chord, measured parallel to the plane of symmetry 


Ъ/= 
рег 
Ъ/2 
| == 
о 


се section chord-force coefficient 


ё mean aerodynamic срока 


CD drag coefficient 


` Cp drag coefficient due to wind-tunnel-wall interference 


Cr, Lift coefficient 


е} section Lift coefficient 


Са pitching-moment coefficient, referred to 0.256 
(See fig. 1.) | 


Сшр pitching-moment coefficient due to wind~tunnel-well interference 


Cn section normal-force coefficient 


R Reynolds number m) 


v free-stream velocity 


x distance along airfoil chord, referenced to the leading edge of 
the unmodified airfoil sections 


у spanwise distance, measured from the fuselage center line 


--- š — 
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2 height above the wing reference plane, which is defined Бу the 
wing quarter-chord line and the chord of the unmodified 
section at 0.663 т 


а airplane angle of attack, measured with respect to the wing 
reference plane 


ao angle of attack of the two-dimensional models 


ол increment of airplane angle of attack due to wind-tunnel-wall 
interference 


Sr trailing-edge flap DN dS measured perpendicular to the flap 
hinge line ... . 


" fraction of semispan x 


У kinematic viscosity 
Subscripts 


t horizontal tail 
1 lower 


u upper 


max maximum 


MODELS AND APPARATUS 


Two-Dimensional Models 


Two-dimensional tests were made of three airfoil sections. ‘The 
profiles of the three models were: (1) that of the airplane wing 
section normal to the wing quarter-chord line at 0.857 semispan; 

(2) the same section with the slat open; and (3) the same section modi- 
fied by adding canber to the forward portion of the chord and increasing 
the leading-edge radius. The coordinates of these profiles are given 
in table Е. The models, made of laminated mahogany, had 2-foot chords 
and spanned the 2-foot height of the 2- by 5-foot open-circult wind 
tunnel in which they were tested. Each model was equipped with about 

ho pressure orifices at the midspan station. 


epe 
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Full-Scale Airplane 


Ded аттртапе г The investigation of the test airplane was 
made in the Ames 10- by 80-foot wind tunnel. А three-vlew sketch of . 
the airplane is shown in figure 1; pertinent geometric date are listed 
in table II. 


The photographs of figure 2 show the airplane mounted on a three- 
strut support in the wind tunnel. The main landing gear was removed to 
accommodate fittings for supporting the airplane on the front struts. 
Loads were transmitted to the rear strut through а boom placed in the 
fuselage and attached to the horizontal-tail supports and to the 
aft-fuselage-section attachment lugs. To accommodate the tail-support 
system, the engine was removed. 


The removal of the engine required that the air-intake duct and 
the cooling ducts on the fuselage be sealed for all the tests. For 
most of the tests these were the only seals added to the airplane. For 
certain tests, however, the gaps between the slat segments (see fig. 1) 
were sealed and, with the slats closed, the slat-to-wing junctures also 
were sealed. 


Coordinates of the wing sections normal to the wing quarter-chord 
line at 0.467 and 0.857 semispan are given in table III; these coordi- 
nates.are given with respect to the wing reference plane which is 
defined by the panel quarter-chord line and the chord of. the section 
at 0.663 semispan taken normal to the wing quarter-chord line. Profiles 
of а typical wing section with slat closed and open are giyen in 


Pigure З(а). 


Modifications.- А full-span application was made of the modified 
wing section tested two-dimensionally. А typical profile of the modi- 
fied section is shown in figure 3(b). The full-scale modification was 
effected by replacing the leading edges of the wing with wood blocks 
contoured to the modified-section coordinates. The installation, 
referred to as wing modification 1, 18 shown in the photograph of 
figure h. Coordinates of the modified sections normal to the wing 
quarter-chord line at 0.467 and 0.857 semispan are given in table IV. 


The modified wing sections were later cut back to the original 
sections from the wing-fuselage juncture to 0.242 semispan. With a 
smooth fairing used between the two portions of the wing, the configura- 
tion is referred to as wing modification 2. With a sharp discontinuity 
used between the two portions and with a spoiler extending from the 
fuselage to 0.212 semispan, the configuration is referred to as wing 
modification 3. These modifications are shown in figures 5,.6, and 7. 
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The alternate horizontal-tail position used for some of the tests, 
described in figure 1, lowered the horizontal tail from 0. 208 а 0.103 1 - 
above С. The installation is shown in the photograph of figure 8. 


TESTS AND RESULTS 


Two-Dimensional Tests 


The two-dimensional models were tested at a Reynolds number of 
2.1 x 106 over an angle-of-attack range from -60 to well beyond maximum 
lift. The tests consisted of pressure-distribution measurements which 
were integrated over the chord to determine the section normal-force 
coefficients. Section lift coefficients were determined for only a few > 
test points according to the expression 


С} = Cn COB бо ~ се sin са 


since it was found that there were only negligible differences between 5 
the normal-force and lift coefficients. The test results are presented 


in figure 9. 


Full-Seale Tests 


The three-dimensional test results are presented in figures 10 
to 18; table V serves as а guide to facilitate reference to the figures. 
Three-component force characteristics were measured оп 811 configura- 
tions at a dynamic pressure of approximately 35 pounds per square foot. 
This corresponds to a Reynolds number of about 8.4 х 108 based on the 
mean aerodynamic chord, and approximates the Reynolds number at which 
flight tests indicate the onset of stall on the airplane in the landing 
approach. Tuft photographs were taken at. selected angles of attack for 
several configurations at this same Reynolds number. Force data recorded 
while the tufts were on the wing indicated no significant changes in 
serodynamic characteristics due to their presence. Several configura- 
tions were tested over a range of Reynolds numbers from 3.2 x 108 to 
12.3 x 106; the Mach number varied from 0.06 to 0.23 for this range. 
All. configurations were tested over ап angle-of-&ttack range from 0° to 
beyond stall. 


АЛЛ the tests were made with the trailing-edge flaps deflected = 
either 09 or 38° (maximum deflection). The ailerons and rudder were 
set in the undeflected positions. For teste with the horizontal tail 
on, the elevator and horizontal stabilizer were set at 0° with respect 


сл 
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to the wing reference plane. The wing slats were locked in either the 
closed or the open position, and were unsealed except for the test 
results presented in figure 11, 


CORRECTIONS 


No corrections were applied to the two-dimensional data. 


The three-dimensional data have been corrected for stream-angle 
inclination, wind-tunnel-w&ll interference, and the interference effects 
of the support struts. The corrections used were those for an unswept, 
untapered wing. The wall-interference corrections added were as follows: 


0.60 Ст, 


ат 


Cp, = 0.011 cr? 


0.008 ст (tail-on data only) 


Сат 


The effects of sealing the fuselage intake duct and the interference 
effects of the landing-gear stub struts used to mount the airplane on 
the 1ift struts are unknown. 


DISCUSSION 


Design of Wing Modification 1 


The design of the proposed type of leading-edge modification was 
approached from two-dimensional maximum lift considerations. This 
approach was selected on the basis of the analysis presented in refer- 
ence 3, which showed that initial stall on а swept wing is directly 
related to the stalling characteristics of the airfoil section taken 
normal to the wing quarter-chord line at the spanwise location of 
initial stall. In the case of the F-86A airplane, flight tests indi- 
cated that initial stall occurred near 0.86 semispan. Consequently, 
the section normal to the wing quarter-chord line at this span station 
was used to evaluate the section maximm lift with the slat extended 
and thus establish a criterion for the selection of a leading~edge 
modification. The results of the two-dimensional tests (fig. 9) showed 
that the slat increased. ере of the unmodified section by 0.71. 


EPR. 
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Theoretical pressure distributions were computed for the section 
with several arbitrary leading-edge modifications. The distributions 
were adjusted to such с, values that the pressure coefficients at 
0.005c were all equal to the pressure measured at this chord station on 
the unmodified section at Cimax" These с) values were used ав the 


approximate сі provided by the various modifications. These 


studies indicated that more than 2-percent camber in addition to a 
2-percent-chord leading-edge radius probably would be needed to equal 
the с; of the unmodified section with the slat extended. However, 


it was felt that the magnitude of the modification should be held to a 
minimum because of possible adverse effects of large section changes on 
the high-speed aerodynamic characteristics. Іп view of these considera- 
tions, the modification described in table I was selected for testing. 
The two-dimensional test results (fig. 9) showed that the selected 
leading-edge modification increased с), by only 0.16 or 0.25 less 


than provided by the slat. Additional section modifications to obtain 
an increment of су equal to that of the slat were not tried since, 


as indicated above, any further increase in camber was considered 
undesirable from a high-speed standpoint. 


The leading-edge modification was applied over the full span of 
the wing rather than over the partial span used for the slats, since an 
analysis by the method of reference 3 indicated that the highest 1ift 
effectiveness would result thereby. 


Test Results for the Airplane 


The high-lift effectiveness of the slats and wing modifications 
will be examined on the basis of the value of maximum lift,! the longi- 
tudinal stability at maximm lift, and the shape of the lift curve near 
maximum 1186, The character of the lift-curve peak is examined on the 
presumption that well-rounded peaks are indicative of (1) adequate stall 
warning to the pllot, probably noticeable in the form of buffeting, and 
(2) less severe rolling tendencies at the stall; both by virtue of a 
more gradual stall progression on the wing. It should be noted that 
longitudinal stability at stall and a rounded lift-curve peak cannot be 
considered as absolute criteria since the evidence of flight-test results 
is not always in accord with conclusions drawn from these criteria. 


11% will be noted in the test results that, because of the moderate 
sweepback of the wing, the wing lift at which significant changes 
occur in the aerodynamic characteristics is nearly equal to the wing 
maximum lift. Hence, reference will be made to Ст, шах 29 represent- 
ing the occurrence of initial stall on the wing. 
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Тһе most pertinent data are those obtained at the Reynolds number 
of 8.4 x 109; corresponding to the landing-approach condition. ‘The 
results at other Reynolds numbers will be briefly considered. 


Unmodified wing with slats.- The slats increased CLmax from 
1.09 to 1,3% with flaps up and from 1.33 to 1.64 with flaps down 
(fig. 10(а)). ‘The airplane was longitudinally stable beyond maximum 
1126 only when the slats were extended. The lift curves of the four 
configurations are all quite flat in the region of maximum lift. With 
slats open and flaps up, the lift remains within about 0.05 of Ст, 


over an angle-of-attack range of 209 to 299 (the maximum tested). 


A comparison of the results presented in figures 10(а) and 10(Ъ) 
shows that the horizontal tail in the normal position did not materially 
alter the longitudinal stability beyond stall, 


The results presented in figure 11 show that the lift effective- 
ness of the wing was influenced by leakage around the slats. With the 
slats in the retracted position and with all gaps sealed, Сі, дұ was 


increased by an increment of 0.10, and the drag was reduced throughout 
the lift range. With the slats extended and with the gaps between the 
slat segments sealed Cy, was still increasing at the highest angle of 
attack tested; at this angle of attack it Есесіне Стах for the 
unsealed condition by an increment of 0.12. í 


Wing modification 1.- The CIimax of the airplane with the modified 


wing sections was 1.42 and 1.72 with flaps up and down, respectively, 

(fig. 12(a)). ‘Thus the increment in maximum lift coefficient provided 
by wing modification 1 was 0.08 greater than for the slats with flaps 

both up and down. ‘This was apparently due in part to the greater span 
of the modification compared to the slats, and in part to the leakage 

effect noted for the slat configurations. 


Although wing modification 1 produced the desired high maximm 111%, 
it was not as satisfactory as the slats with respect to the other two 
criteria mentioned previously. First, the airplane with wing modifica- 
tion 1 was longitudinally unstable, both with flaps up and flaps down, 
beyond maximum lift. Second, in contrast to the flat-topped lift curves 
with slats extended, the lift decreased abruptly beyond maximum lift 
with wing modification 1. 


A comparison of the results presented in figures 12(a) and 12(b) 
shows that the horizontal tail in the normal position did not signifi- 
cantly affect the longitudinal stability beyond maximum lift. 


Reynolds number effects.- The effects of changes іп Reynolds number 
on the characteristics of several of the configurations thus far discussed 


=. 
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аге presented.in figures 13 and 1h. The variation of Страх with 


Reynolds number, summarized in figure 15, shows that the results at all 
higher Reynolds numbers were similar to the results at 8.4 x 109. With 
decreasing Reynolds number, however, Сілду with wing modification 1 
decreases more rapidly than with the slats extended. 


The character of the Lift curves near maximum lift was not signifi- 
cantly altered with variations in Reynolds number. 


The longitudinal-stability characteristics beyond maximum lift for 
most configurations did not significantly change with changes in Reynolds 
number. However, with slats open and flaps down, the airplane was 
unstable at the lowest Reynolds numbers; this instability disappeared: 
with increasing Reynolds number. 


Additional wing modifications.- To aid in determining possible 
measures to alter the abrupt lift-curve peak and unstable pitching- 
moment characteristics beyond maximum lift of the airplane with wing 
modification 1, the stalling characteristics of all wing configurations 
were evaluated by means of tuft studies. The photographs with the slats 
extended (fig. 16(с)) indicate an area of flow separation near the wing 
root that was not evident with the slats closed (Pig. 16(8)). It was 
believed that this separation was responsible for the favorable Cm 
variations at high lifts for the slats-open configurations as observed 
in the results presented in figures 10(a) ала 10(b). Іп an attempt to 
produce such an area of stall near the wing root, the other wing modifi- 
cations described in table VI were investigated. ‘The primary purpose of 
each item in table УТ is indicated by its designation as either a stall- 
generating or a boundary-layer-control device. . 


The combination of devices designated as wing modification 3 (fig. 5, 
detail B) was the only modification which provided the desired longitu- 
dinal stability, both flaps up and flaps down (fig. 17). With the flaps 
up, the lift curve was flat topped, and with flaps down the abruptness 
of the peak was somewhat alleviated. With the flaps up, wing modifica- 
tion 3 provided a value of Стих Which was 0.21 lower than with the 
slats open, and 0.29 lower than with wing modification 1. 


Results obtained with the configuration designated as wing modifi- 
cation 2 also are given since they are typical of the results obtained | 
with most of the other modifications. А slight rounding of the lift- 
curve peak was obtained with flaps up, but there was no improvement in 
the longitudinal stability at maximum lift (fig. 17). Visual observa- 
tions of the flow, as evidenced by tuft action, indicated an area of 
separation near the wing root localized near the wing leading edge. 
Apparently the spanwise boundary-layer drainage allowed the separated 
flow to reattach to the wing surface, thus preventing section stall. 


-—ÀÀ | 
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The success of wing modification 3 is attributed to the fact that 
the spanwise drainage of the boundary layer from the inboard region of 
the wing did not occur.  Tuft studies showed the flow actually to be 
directed inboard. Hence the spoiler over the inboard part of the span 
was as effective in producing early section stall as it is in two- 
dimensional flow, The obstruction of the usual spanwise boundary-layer 
drainage is believed to have been due to an effect of the sharp discon» 
tinuity in the wing leading edge at 0.212 semispan. It was concluded 
from the tuft studies thet a strong vortex was shed at the discontinuity. 
The rotation of a vortex from the discontinuity would be in the proper 
direction to direct the boundary-layer flow inboard and thus counteract 
the normal outboard drainage. Examination of the tufts indicated that 
the sharp discontinuity in the wing leading edge with the slats extended 
had a similar effect. | 


Effects of an alternate horizontal-tail position.- The results of 
tests of the airplane with the horizontal tail in the lower position 


(fig. 18) indicated definite longitudinal-stability improvements at high 
lifts for all configurations. With this alternate horizontal-teail loca- 
tion, the airplane with wing modification 1 had pitching-moment charac- 

teristics which were believed, to be acceptable. 


Comparison of Test Results With Predictions 


The procedure of reference 3 has been applied to predict the Сү 
at which initial stall occurs on the wing for several of the configura- 
tions tested. The two-dimensional test results described in this paper 
were used for the predictions together with estimates of the flap effec- 
tiveness made from the data in reference 5. The method of reference 3 
also was used to estimate the airplane longitudinal stability beyond 
stall. 


The point of sudden drag rise observed in the force-test results 
was used to indicate the Cy, for initial stall for comparison with the 
predicted values. А summary of the predicted and measured results is 
given in table VII. The measured results presented аге those for the 
lowest Reynolds number at which the airplane was tested (R, 3.2 x 109), 
since the effective Reynolds number of the wing sections (sections teken 
normal to the wing quarter=chord line, and based on the component of 
free-stream velocity in this direction) then most nearly corresponded 
to the Reynolds number of the two-dimensional tests (2.1 x 109). he 
method of reference 3 does not consider the effects of а, horizontal 
tail; hence the comparisons were made with tail-off data when available. 
The predicted Ст, for initial stall was conservative іп all cases. 

Тһе increases іп Ст, for initial stall provided by the various high-lift 
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devices were predicted quite well, differing from the measured results 
by no more than 0.07 in any case where tail-off data wes available, and 
differing by 0.13 for the case with the horizontal tail оп. The quaii- 
tative estimates of the airplane longitudinal stability beyond stall 
were satisfactory. | 


CONCLUDING REMARKS 


A full-span modified wing leading edge, which incorporated camber 
over the forward portion of the chord and had an increased leading-edge 
radius, provided increments of wing maximum lift coefficient at least 
0.08 greater than given by the wing slats » both with flaps up and flaps 
down, at Reynolds numbers from 8.4 x 109 to 12.3 х 108, ‘The results at 
lower Reynolds numbers were less favorable, With the slats extended, 
the unmodified airplane was longitudinally stable beyond maximum lift 
and displayed а flat-topped lift curve near maximum lift. However, with 
the modified wing leading edge, the airplane was longitudinally unstable 
beyond maximum lift and the lift-curve peaks were quite abrupt. 


The airplane with the modified wing leading edge was made longitu- 
üinally stable and also, with flaps up, displayed а flat-topped lift 
curve when low maximum-lift sections were used near the wing root, and 
а means of obstructing the spanwise boundary-layer drainage over this 
region (in this case, а sharp leading-edge discontinuity) was provided. 
These changes were accompanied by а loss іп Ст of 0.29 and 0.21. 


with flaps up and down, respectively, below the results with the full- 
span modification. 


Lowering the horizontal tail had a stabilizing effect on all con- 
figurations tested. The airplane with the full-span wing modification 
had pitching-moment characteristics which were considered acceptable 
with this alternate horizontal-tail position. 


Predictions of the wing 1186 coefficient for initial stall by the 
method of reference 3 for several wing configurations were conservative. 
The increases in Ст for initial stall provided by the various high- 
lift configurations were predicted quite well. Qualitative estimates 
of the longitudinal stability beyond maximum lift were satisfactory. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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TABLE Т.- COORDINATES OF THE TWO-DIMENSIONAL MODELS 
[Dimensions given in percent of chord] 

















Modified 
leading edge 


Slat Lower 
surface 





Basic profile 


































16 3.8% 

hh. 5,96 

„67 6.05 

.89 7.15 
1.11 8.23 
1.44 9.32 
2.02 11.50 1.00 
2.75 13.68 1.50 
3.25 14.77 2.00 
3.64 2.50 
н.20 3.18 
4.62 5.00 
4.93 7.50 
5.15 10.00 
5.29 12.50 
5.37 15.00 
5.35 
5.21 
5.11 
4,88 
1,58 L.E.radius: 2.00, 
4120 center at (0.02,-2.15) 
3.11 
3 


Slat position when extended 






е 
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не 










Plect .Г . 
L.E. us: 1.303, Deflection, degrees (leading edge down) 10 


center at 
(1.303,-0.15) 






Leading-edge position: 
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88traight lines from 
75xpercent chord to 


trailing edge. “NACA 
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TABLE ТТ.- GEOMETRIC DATA ON THE F-86A TEST AIRPLANE 
Wing 


Area, square Peet . 
Span, feet .... 
Aspect ratio . . 
Taper ratio AEN 
Dihedral angle, degrees . 4. 

Mean aerodynamic chord, feet 

Sweepback of the quarter-chord line, deires 
Incidence of the root chord, degrees ... 
Incidence of the tip chord, degrees 2. са 
Twist, degrees (washout) ..... ы 


Trailing-edge flap (data for one side 


Area, square feet e.. 

Span of one flap, feet . . . 

Chord, constant, feet ... . 
Maximum deflection, degrees . . 

Gap, percent of wing chord . 

Overhang, percent of wing chord 
Inboard end of flap, feet from airplane 


Leading-edge slat (data for one side only) 


Area, projected into хаг Ed square feet 
Span, feet .... . - 

Chord, constant, feet AM 

Ratio of slat арык to wing вата Suan š; Sus wor РИВА 
Inboard end of slat, feet from airplane center line 
Deflection when extended, degrees + =< mom os oot on 


Horizontal tail 


Total area, square feet 

Spin, feet ...... 

Aspect ratio . зс. 

Taper ratio ЭЖЕЕ МЕ АЕ 

Dihedral angle, degrees . . 

Mean aerodynamic chord, feet 

Sweepback of the quarter-chord lina. Застава 


Fuselage 
Over-all length, feet . 


Maximum width, feet . . 
Fineness ratio . . 
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TABLE III.- COORDINATES OF THE WING ATRFOIL SECTIONS NORMAL 
TO THE WING QUARTER-CEBORD LINE AT TWO SPAN STATIONS 
[Dimensions given in inches] 


L.E.radius: 1.202, center | L.E.r&adius: 0.822, center 
&t (1.201, 0.216) at (0.822, -0.093) 


КАСА ЕМ А52В05 ~ о Ыы» 


TABLE ТУ.- COORDINATES OF THE MODIFIED WING LEADING EDGE AT 
TWO SPAN STATIONS, NORMAL ТО THE WING QUARTER-CHORD LINE 


[Dimensions given in inches] 


‘Section at 0.167 semispan Section at 0.857 semispan 


| es eee eee es | 
Е. 












111111 11410 
DE E ob ЛЕКО = 















L.E.radius: 1.674, center LeE.redius: 1.261, center 
at (-0.018, -1.135) at (0.011, -1.359) 
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TABLE У.- SUMMARY. ОҒ, CONFIGURATIONS TESTED AND DATA PRESENTED 


Figur Configuration Reynolds 
No. 
me 


нийн Эсэн | Normal | 
Slats closed and open 
Гар Тане дена and с s= | 
sealed and unsealed 8.4108 
s Up and Normal 
(ъ) Modification 1. down 
Slats closed 
Cr vs Cn, a, С 
Slats open шезе = мани 
Modification i | 2 


е 
18 (а) |61а в closed сн 
» coi mes 


Modification 1 | Modification 1 | 


Slats closed ала a 
open, and modifica- 27 Norma M “а M 
tion 1 : 
3 Slats closed 
Slats open 
Tuft studies 
(ғ) Modification 1 Normal 2 
17(а) | бла в open, and 8. 
modifications 1,2, 
(b and 3 


СТ, ув Cp,a,Cm 
18 Slats closed and open, ра and| Ток posi: 
and modification 1 tion 



















Variable 
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TABLE УТ.- SUMMARY OF ADDITIONAL MODIFICATIONS AND DEVICES 
USED WITH WING MODIFICATION 1 


NOTATION 


(за. ваша (зө Bemaerciarerderiss — | 


Ying nod. 2 Sharp dfiscontinutty, la gap 
552 weage spoiler Sharp discontinuity, snail Бар 
69 в spoiler Delta vortex generator 
гаек plug spoiler Fence 
7~inch-high Elus. Bpoller Vortex generator, small 

Vortex generator, large 


CONFIGURATIONS TESTED 


Брапмізе location, п Ohordwiss location, x/c 


(Dimensi А 13 вт, а 
ensiong in in s excep 

26 noted) f: 995 |. i11 dorioa 
ES Bee fig. D, detail А 18k - 282 


— Ed 
.15% — „242 


— = 


-ТО at mid- 
«13% ~ .278 span, mounted 
— ti Mou teg 


ВЕ TI CU AT HEURES В NÉ 
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TABLE VI.- CONCLUDED 


CONFIGURATIONS TESTED 


Spanwise | spanwise location, п | " Onoráwise location, x/o 
Sketoh 
(Dimensions in inches except бг, aeg | 
ав noted) аа devise Stall device ien eer device 
Се um. ан | 


= 
иоле = | +z | == | 


REN 


MENTE 


13k - .2h2 |.272 and .290 


Bee fig. 5, detail В 
(wing мой. 8) 





TABLE VII.- COMPARISON OF PREDICTED AND MEASURED LIFT COEFFICIENTS FOR INITIAL STALL 
AND LONGITUDINAL STABILITY BEYOND INITIAL STALL; В, 3.2<10° 


Cy, for Increase іп От |ILongitudinal stability 
Wing configuration |Horizontal| initial stall for initial stall| beyond initial stall 
tail Predicted] Measured |Predicted| Measured! Predicted | Measured 


Slats closed, flaps up| Off 0 

Slats open, flaps up On 

Slats open, flaps down| Off | 

Modification 1, Off | : 
flaps up 

Modification 1, Off Unstable | Unstable 
flaps down 
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Dimensions т feet 
E excep! as noted 


МАСА ОО/Р-64 
(modified) 


0.25 с Те 


25 Е 


МАСА 001-64 
(modified) 


Alternate 
horizontal 
fall position 
ЕС бү 
"um ТЕ ве | 


fuselage 
center те 


Affernate 
horizontal 
Ja position 


Figure /.— Three-view sketch of the test airplane. 
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NACA RM 452505 





iW 





| Dimensions in inches 
unless otherwise noted 


1.298 





| | (a) Unmodified section showing slat extended and ЕСЕ 


кас” 


Figure 3.- Details of the wing airfoil sections at 0857 -semispan, token normal to the wing диатег-сћога line. 
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Dimensions in inches 
unless otherwise nofed 








wing reference g 
plane n 
chord line 
1261" 







0.8228 
Sele Na Unmodified profile 


Modified profile 


(b) Modified leading edge. 


Figure 3- Goncluded. 
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Figure !.— View of the test airplane with wing modification 1. 
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Unmodified 
leading edge 


Moditied 
па j 


Detail A — Wing mod. 2 






Fuselage 
center line 


Plan view of left wing 


A32-ich tip radius 






Unmodified 
leading edge 






Modified 
leading edge 


Section x-X enlarged 


Detail В — Wing mod. 3 


“SAA 


Figure 5.— Details af wing modifications 2 and 3. 
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Figure 6... View of wing modification 2 on test airplane, 
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Figure 7.— View of wing modification 3 on the test airplane. 
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о Slat closed 
Slaf open 


; с ШІН 
$ ЕЕ |] © Modified leading edge NM 
Rea ТЕН eee ШИ eae ш 


(ane ee) В SB ERE EI es 
21212223 4 5442 E 












Section lift coefficient, с 
о 
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Ж Se 2222 1222-2222 223 
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а E ges pee maski рі 


7.2 -4 о 4 8 Р 6 20 = 2 = 
Section angle of attack, a, deg 










Figure 9.— Two-dimensional lifft curves for the wing section normal 
ю the wing quarter-chord line at 0857 semispan with slat 
closed and open апа with the modified leading edge. R, 2/х 105. 
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(b) Horizontal fail off. 


Figure /0- Concluded. 
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КАСА ЕМ AD2BOD 


Figure 14- Effects of sealing the slats оп Те aerodynamic characteristics of the test airplane. Horizontal tail 
in the normal position; R, 84 x O° . 
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(a) Horizontal fail in the normal position. 


Aerodynamic characteristics of the test airplane with wing modification 1. В, 8.4 x 106, 


Figure /2- 
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Piching-moment coefficient, С, 
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(5) Horizontal tail off. 
Figure 12– Concluded. 
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(а) Slats closed, Hops up. 


Figure /3- Reynolds number effects on те aerodynamic characteristics of Те fest airplane. 
Horizontal fail in те normal position. 
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Pifching-moment coefficient, Су 


(0) Slots open, flaps up. 


Figure /3.- Continued. 
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(с) Slats open, Hops down. 
ü Figure /3- Gontinued. 
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(а) Wing modification !, flaps ир. 


Figure /3.- Continued. 
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(е) Wing modification 1, flaps down. 


Figure /3- Concluded. 
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(а) Stats closed, flaps up. 


Figure /4.- Reynolds number effects on the aerodynamic characteristics of the fest airplane. 
Horizontal fail off. т 
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(b) Slats open, Рас down. 


Figure /4— Continued. 
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Pitching-moment coefficient, Су 


(с) Wing modification 1, flaps up. 


Figure /4— Continued. 
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Pitching-moment coefficient, ба 


(d) Wing modification 1, flaps down. 


Figure 14- Concluded. 
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Figure 15.- Reynolds number effects оп maximum iff. Horizontal а! in fhe normal position. 
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(а) Slats closed, 9;=0°. (b) Slats closed. S¢= 38% 

ха А-16750 
Figure /6.~ Studies of tuft action on те left wing for several wing 

> configurations. Horizontal fail in the normal position; R, 8.4 х/08. 
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(c) Slats open, ду 0% (d) Slats open, д,-38% 


Figure /6- Continued. A-16751 
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(e) Wing mod. |, др = O°. 


Figure /6.— 








(7) Wing mod. 1, д; = 38°. 
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(b) Flaps down. 


Figure IZ- Concluded. 
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Figure /8.- Aerodynamic characteristics of the test airplane with the horizontal tal at 
а tower position R, 84x 10%. 
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